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Introduction
Gangliocytic neoplasms in the sella turcica and parasellar region are uncommon. Ganglion cell tumours in this location are usually associated with functioning or nonfunctioning pituitary adenomas or pituitary cell hyperplasia. Such neoplasms occur without evidence of adjacent adenoma only occasionally. The majority of ganglion cell tumours appear in association with growth hormone-secreting pituitary adenoma presenting with acromegaly [2, [4] [5] [6] 12, [17] [18] [19] 23, 25, 32, 38, 40, 42] . They appear less often with adrenocorticotropic hormone-producing adenomas with clinical presentation of Cushing's disease [25, 36, 40] .
We present the clinicopathological features of five cases of intrasellar ganglion cell tumours: four mixed/collision tumours composed of gangliocytoma and pituitary adenoma, and one isolated ganglioglioma. Clinically, two patients presented with acromegaly, while three others were initially diagnosed with non-functioning adenomas.
Material and methods
The biopsy tissues from neurosurgery procedure were fixed in 10% formalin, embedded in paraffin and stained with hematoxylin and eosin (H&E). Immunohistochemical staining was performed on paraffin-embedded specimens, according to the labelled EnVision Flex Visualization System (Dako, K8000) with DAB as chromogen, using antibodies against anterior pituitary hormones: prolactin (PRL, 1 : 200), growth hormone (GH, 1 : 500), adrenocorticotrophic hormone (ACTH, 1 : 500), thyroid-stimulating hormone (β-TSH, 1 : 500), follicle-stimulating hormone (β-FSH, 1 : 500), luteinizing hormone (β-LH, 1 : 500) all antibodies from Thermo Scientific Lab Vision Corp., andglycoprotein α-subunit (1 : 100) from Novocastra. The antibodies against CAM5,2 from Cell Marque and: cytokeratins AE1/AE3 (CK), chromogranin A, glial fibrillary acidic protein (GFAP), S100 protein, synaptophysin, neurofilaments (NF) and Ki-67 (MIB-1) from Dako (all antibodies ready to use) were also used.
For electron microscopic study, the tissue was fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, dehydrated in graded alcohols and embedded in Epon 812. Ultrathin sections were counterstained with uranyl acetate and lead citrate and examined in a Philips CM 120 BioTWIN electron microscope.
Report of cases Case 1
A 51-year-old woman who presented with acromegaly was admitted to the Department of Neurosurgery. Changes in this patient's facial features has developed slowly over the last several years, and included nasal dysmorphism and skin changes. Growth in the acral parts of limbs had been observed, with increases noted in her foot and finger sizes. The patient had been complaining of headaches, significant perspiration, and fatigue for many years. She denied any visual problems. She also had diabetes mellitus and menstrual irregularities. There was no family history of pituitary or brain tumours. Magnetic resonance imaging (MRI) of the brain revealed a homogenously enhanced, large pituitary mass with sellar floor destruction and suprasellar and infrasellar extension (Fig. 1A-C) . The tumour diameter was approximately 2.5 cm. Tumour growth had resulted in mild compression of the optic chiasm and invasion of the right cavernous sinus (Knosp III°). The pituitary gland appeared normal, but was displaced to the medial wall of the left cavernous sinus and diaphragm sellae. Endocrine laboratory tests revealed elevated GH (8.1 µg/ml). The PRL level, measured several times, ranged from 57.3 to 189.1 ng/ml; β-TSH and free thyroxine (free T4) were 0.119 mIU/l and 11.88 pmol/l, respectively; serum cortisol was 85.9 ng/ml at 8:00 AM and 27.3 ng/ml at 8:00 PM. The patient received 8 months of pretreatment with somatostatin analogue (sandostatin, LAR 30 mg), which resulted in tumour regression on neuroimaging studies. Surgery was conducted using a trans-sphenoidal microsurgical approach with tumour resection. Transitional postoperative hypopituitarism was observed. At follow-up, this patient had persistent acromegaly caused by tumour remnants in the right cavernous sinus. She was referred for a radiosurgical procedure.
Histopathology
Histological examination of the resected specimens revealed two different neoplastic components: pituitary adenoma and ganglion cell neoplasm ( Fig. 2A) . The ganglion cell lesion was composed of large neoplastic neuronal cells scattered in a fibrillar, eosinophilic background (Fig. 2B) . Numerous ganglion cells exhibited irregular cytoplasmic outlines and aggregates of Nissl granules at the cell body periphery. Immunohistochemistry revealed diffuse immunoreactivity for NF (Fig. 2C ) and intense synaptophysin expression (Fig. 2D) . The lesion lacked any astroglial component positive for GFAP.
Immunostaining for pituitary hormones demonstrated GH-positive adenoma cells in the adenomatous part (Fig. 2E) . The intermingled neurons themselves did not express GH immunoreactivity. Other pituitary hormones were not detected. The pituitary tumour cells were immunopositive for CK, chromogranin A, and synaptophysin. The boundaries between adenomatous and gangliocytic components were not clearly demarcated, and clusters of small adenoma cells were intermingled with neuronal elements.
Ultrastructural features documented a sparsely granulated somatotroph adenoma (SG-GH) composed of medium-sized, round cells. Some cells contained typical globular fibrous bodies of intermediate filaments and sparse, small, electron-dense secretory granules (Fig. 2F) .
The final histopathological diagnosis was established as sparsely granulated somatotroph pituitary adenoma combined with gangliocytoma.
Case 2
A 59-year-old man with a history of headaches and visual disturbances for the past few weeks was admitted to the Department of Neurosurgery. The patient did not present clinical symptoms typical of acromegaly or Cushing's syndrome. His levels of PRL and other pituitary hormones were within normal ranges. An MRI revealed a large sellar-suprasellar mass with moderate heterogenous enhancement after gadolinium administration. On T1-weighted sequences, a rim of compressed anterior pituitary tissue was observed. The tumour caused enlargement of the sella turcica and invaded the left cavernous sinus and sellar floor, with submucosal extension to the left sphenoid sinus (Fig. 3A,B) . Its maximal cranio-caudal diameter was 36 mm. The clinical diagnosis was a nonfunctioning invasive macroadenoma.
The patient underwent two consecutive surgeries with an endoscopic trans-sphenoidal approach. The initial surgery was a subtotal resection that left tumour remnants invading the left cavernous sinus and the diaphragm of the sella. Intraoperatively, the tumour displayed a biphasic appearance, with predominant yellow-whitish fibrous tissue and an admixture of pink-white foci; it resembled a typical intraoperative view of pituitary adenoma. The procedure was ceased because of bradycardia and suspicion of acute coronary syndrome. The postoperative course was uneventful, with significant visual improvement.
Eight months later, the residual sellar tumour was resected through the same operating access. The sellar floor was reconstructed with an autologous fat tissue graft, titanium micro-mesh, and fibrin glue. The postoperative MRI revealed minimal tissue remnants within the left cavernous sinus. The postoperative course was uneventful, with no visual 
Histopathology
At both surgeries, the tumours were composed of pituitary adenoma combined with a ganglion cell component (Fig. 4A) . The large part of the lesion was composed of clusters of randomly distributed ganglionic cells exhibiting abundant cytoplasm, large vesicular nuclei with prominent nucleoli, and aggregates of Nissl granules. Binucleate or multinucleate neoplastic neuronal cells were present. Immunohistochemistry revealed intense synaptophysin expression outlining the cell borders ( Fig. 4B) and NF in the ganglion cell bodies and their processes (Fig. 4C) . The gangliocytic component correlated closely with pituitary adenoma, and numerous ganglion cells were intermixed with adenomatous tissue. The pituitary adenoma cells were strongly positive for chromogranin A and cytokeratin. The adenomatous cells revealed GH immunoexpression (Fig. 4D ), but were negative for other anterior pituitary hormones.
Electron microscopy revealed ultrastructural features of sparsely granulated somatotroph adenoma, composed of round, medium-sized cells with typical cytoplasmic fibrous bodies (Fig. 4E) . The ganglion cells were characterized by the presence of a large nucleus or nuclei, with prominent nucleoli. We also observed binucleate neuronal cells (Fig. 4F ). The cytoplasm of neuronal cells contained abundant mitochondria, well-developed endoplasmic reticulum, neurofilaments, and dense core neurosecretory granules. The neuronal processes contained microtubules and dense core neurosecretory granules. Ultrastructural studies provided evidence of a close relationship between neuronal and adenomatous elements. Silent sparsely granulated somatotroph pituitary adenoma and gangliocytoma was the final pathological diagnosis.
Case 3
A 58-year-old, post-menopausal woman with a 3-month history of headache and diplopia was admitted to the Department of Neurosurgery. At admission, neuro-ophthalmological examination revealed a decrease of visual acuity to 0.9 in both eyes and diplopia with not restriction of the visual field. There was a limitation of abduction on the right side. The color and shape of optic discs were normal. Apart from the visual impairment, the neurological examination did not reveal any focal Pituitary hormone levels were within normal limits, and there were no signs of diabetes insipidus (Table I) . MRI revealed an aggressive pituitary tumour measuring 14 × 13 × 15 mm, with right cavernous sinus invasion, partial encasement of the right cavernous carotid artery, and sellar floor erosion (Fig. 5A,B) . Microsurgery was performed using a trans-sphenoidal approach. The tumour was removed subtotally owing to invasion of the cavernous sinus. The pituitary gland was displaced to the left side of the sella. The postoperative course was uneventful. Based on the patient's postoperative early morning serum cortisol level, insufficiency of the adrenal cortex was excluded. There were no postoperative indications of diabetes insipidus or water-electrolyte disturbance (e.g., hyponatremia). This patient was discharged from the Neurosurgical Department in good general condition and transferred to the outpatient clinic.
Histopathology
Microscopically distinct neoplastic components composed of pituitary adenoma and ganglion cell neoplasm were found (Fig. 6A) . The gangliocytic component was composed of pure neoplastic ganglion cells distributed within a neuropil-like background, without any glial component. The majority of ganglion neoplastic cells were large, some of them binucleate or multinucleate, and were closely intermixed with small adenoma cells (Fig. 6B ). Immunohistochemistry revealed fairy dense granular reactivity for synaptophysin (Fig. 6C) and reactivity for NF. The adenomatous part of the tumour was composed of GH-positive adenoma cells (Fig. 6D ). There was no immune reactivity against any other pituitary hormones. The pituitary tumour cells expressed chromogranin A, and synaptophysin. Electron microscopy was not performed but immunoreaction for Cam 
Case 4
A 63-year-old woman was admitted to the Department of Neurosurgery with typical clinical features of acromegaly lasting 6 years. Her presenting symptoms were progressive headaches and sleep apnea syndrome. The patient was under general medical care because of arterial hypertension and diabetes mellitus. Neurological examination showed no impairment of visual acuity or visual fields. The function of other cranial nerves was also intact. Fundoscopic examination revealed no optic nerve atrophy. The patient had no family history of pituitary adenoma or multiple endocrine neoplasia. Endocrine investigation revealed elevated basal serum levels of GH and somatomedin-C, with an abnormal oral glucose tolerance test. The serum levels of other pituitary hormones were within normal limits (Table II) .
MRI of the sellar region revealed a homogenic tumour mass (12 × 15 × 16 mm) with intrasellar extension and invasion of the left cavernous sinus (Knosp I°) on coronal and sagittal T1-weighted images before and after the administration of Gd-DTPA (Fig. 7A,B) .
The patient underwent trans-sphenoidal surgery. During the procedure, a yellowish, fibrous, compact tumour was separated from the pituitary gland and completely excised. There were no signs of cavernous sinus invasion. The postoperative period was uneventful. There were no postoperative indications of diabetes insipidus or water-electrolyte disturbance (e.g., hyponatremia). The patient was discharged from the Neurosurgical Department in good general condition and transferred to the endocrinological outpatient clinic.
Histopathology
The tumour comprised mixed pituitary adenoma and gangliocytoma (Fig. 8A) . Both neoplastic components were closely intermingled. The gangliocytic part exhibited clusters of large neuronal cells within a fibrillar background. Large binucleate or multinucleate ganglion cells were often seen (Fig. 8B) . Immunohistochemistry documented strong NF expression (Fig. 8C) . In the adenomatous part of the lesion, a few small (probably adenoma) cells and short processes also exhibited NF immune reactivity (Fig. 8D) . Both tumour components strongly expressed synaptophysin (Fig. 8E) . Tumour cells were negative for GFAP and S-100 protein. The pituitary adenoma cells were immunoreactive for GH (Fig. 8F) , and negative for other anterior pituitary hormones. The Ki-67 labeling index was low.
Electron microscopy revealed ultrastructural features of sparsely granulated somatotroph adenoma combined with the ganglion cell component. The final histopathological diagnosis was sparsely granulated somatotroph pituitary adenoma combined with gangliocytoma.
Case 5
A 26-year-old man was referred to the Department of Neurosurgery with persistent, distending headache and dizziness that had lasted approximately 3 months prior to admission. The patient had suffered from progressive visual impairment for the last 6 weeks before admission. Two weeks prior to admission, MRI had revealed a skull base tumour with extension of the lateral ventricles. Coronal (Fig. 9A) and sagittal (Fig. 9C ) T1-weighted MRI after Gd-DTPA and coronal T2-weighted MRI (Fig. 9B (Table III) .
The patient underwent subtotal tumour resection through a right-side temporal craniotomy. In the course of this treatment, the visual abnormalities resolved, but third cranial nerve paresis occurred.
The postoperative control axial computed tomography scan revealed lateral ventricle extension. The patient's neurological state improved gradually after a ventriculo-peritoneal shunt was implanted. The patient was finally discharged on the 23 rd day of his hospital stay, and was administered replacement hormonal therapy (hydrocortisone, 30 mg once daily; levothyroxine supplementation, 100 µg/day). Three months after surgery, the patient died during complementary radiotherapy.
Histopathology
Microscopically, the sellar lesion appeared to be a mixed glioneuronal tumour composed of large, often multipolar neurons of various size and neoplastic astroglial elements (Fig. 10A) . The ganglion-like cells displayed conspicuous nucleus and abundant cytoplasm, with aggregated Nissl granules at the perikarion periphery. The glial component was composed of bipolar, elongated, pilocytic-like astroglial cells within a fibrillar background. The lesion lacked (Fig. 10B) . The presence of NF was documented in ganglion cell bodies and neuronal processes (Fig. 10C) . Astroglial cells were immunoreactive for GFAP (Fig. 10D ) and S-100 protein. The Ki-67 labeling index was below 1%. There was no adenomatous tissue or normal pituitary gland in the surgically excised material. Ultrastructural studies revealed large ganglion cells with abundant cytoplasm filled with numerous organelles (Fig. 10E) . Numerous neuronal and glial processes were identified in the surrounding neuropil (Fig. 10F) . The histopathological diagnosis was established as a low-grade ganglioglioma, WHO GI.
Discussion
Various malignancies arise in the intrasellar or parasellar region, including pituitary adenomas, craniopharyngiomas, and glial and neuronal neoplasms. However, these tumours rarely occur together. The most common tumours of the sellar and suprasellar region are pituitary adenomas and craniopharyngiomas, which have occasionally been reported in collision [15, 20, 33] . Mixed pituitary adenomas and craniopharyngiomas usually display a close commixture of both neoplastic components. They are called "hybrid" cells and exhibit features of both pituitary adenoma and craniopharyngioma [15] . Such cells contain small, dense secretory granules, bundles of cytoplasmic filaments, and desmosomes.
Glial neoplasms, which are occasionally found in the sellar region, include pilocytic astrocytoma, diffuse astrocytoma, pilomyxoid astrocytoma, oligoastrocytoma, and mixed glio-neuronal tumours. The clinical presentation and imaging features of these lesions differ from those of craniopharyngiomas. These tumours can cause visual disturbances, GH deficiencies, cystic changes, and calcification [13] . However, glial neoplasms are only occasionally combined with pituitary adenomas.
The neurohypophysis is also a rare site of ganglion cell tumours. The majority of ganglionic tumours at this location occur in association with pituitary pathology; less often, they appear as isolated lesions. Sellar gangliocytomas may cause hypersecretion of pituitary hormone and enlargement of the sella turcica. Sometimes, they are separable from the pituitary gland, stalk, and hypothalamus, and may be successfully removed without further endocrine deficit [16] . Most sellar ganglion cell lesions are related to functioning or nonfunctioning pituitary adenomas or pituitary cell hyperplasia. However, independent of such relationship, they can cause a variety of clinical symptoms that reflect mass effect or their own endocrine activity. Occasionally, pure ganglion cell tumours are themselves hormonally active [35] . An unique case of ganglioglioma of the neurohypophysis associated with syndrome of inappropriate antidiuretic hormone secretion (SIADH) has been reported [14] .
A few studies describing a larger series of cases with sellar ganglion cell tumours, classified as ganglioneuromas or gangliocytomas, have been published [7, 35, 46] . In earlier reports, the different terminology was used to describe ganglion cells lesions, including pituitary adenoma with neuronal choristoma (PANCH) [34, 38, 42, 43] , hypothalamic hamartomas, and hamartomatous gangliocytomas [22] . Such a diverse classification may cause nosological confusion. Typical pituitary gangliocytomas located within the sella turcica are not connected with hypothalamus, and the distinction between gangliocytoma and choristoma at a hypothalamic location is not reasonable [43] .
Ganglion cell tumours, considered gangliocytomas and gangliogliomas, are usually benign, slow-growing neoplasms; they constitute only 0.4% of all central nervous system tumours and 1.3% of all brain tumours [28] . They are composed of mature ganglion cells with or without a glial component. Gangliocytomas of the pituitary gland are exceptionally rare and usually coexist with a pituitary adenoma, most commonly a GH-secreting adenoma, with the clinical manifestation of acromegaly [4] [5] [6] 12, 17, 23, 27, 32, 35, 39, 44, 46] ; less often, they are associated with ACTH-producing adenomas, and present with Cushing's disease [25, 36, 40] .
Only in exceptional cases has the coexisting adenoma been endocrinologically silent. Occasionally, gangliocytic lesions of the pituitary gland arise without pituitary adenoma; however, these might themselves produce corticotrophin-releasing factor and display clinical signs of Cushing's disease [3, 8] . Thus far, few cases of Cushing's syndrome associated with intrasellar ganglion cell lesions, including isolated ganglion lesions, have been described [35, 46] .
Isolated sellar gangliocytoma without adenoma may also manifest as acromegaly (or, occasionally, diabetes insipidus or hypopituitarism). One case of mixed ACTH adenoma-gangliocytoma with an opportunistic infection has been described [10] . A very rare case of combined gangliocytoma and PRL-producing adenoma (prolactinoma) of the pituitary gland has also been reported [9, 30, 45] .
In the presented cases, the histopathological examination of surgical specimens from four patients (two cases of acromegaly and two cases of clinically nonfunctioning pituitary tumours) revealed pituitary adenomas closely intermingled with neoplastic ganglion cells. The adenomatous contribution appeared to be a GH-secreting adenoma on immunohistochemistry, and sparsely granulated somatotroph adenoma on electron microscopy. In all cases, the neuronal contribution was diagnosed as a purely gangliocytic lesion composed exclusively of groups of neoplastic mature ganglion cells. The two components were close together and in some places intermingled with each other. The close relationship of both neoplastic components suggests that they share a common origin. The neoplastic ganglion cells lacked pituitary hormone expression. The fifth case had no endocrine symptoms, and there was no adenoma or normal pituitary gland in the surgically excised material. The sellar lesion appeared to be a mixed glio-neuronal tumour composed of large, ganglioid, often multipolar neurons and neoplastic astroglial elements. Immunohistochemistry supported a biphasic pattern of neoplastic tissue with expression of both neuronal and glial markers, and the lesion was diagnosed as low-grade ganglioglioma.
The etiopathogenesis of pituitary lesions composed of neuronal and adenomatous components remains controversial. The majority of studies have confirmed the common origin of neuronal and adenomatous elements from the same stem/progenitor cells. The presence of focal differentiation of ganglion cells within a neuropil-like background has been documented [23, 43] . Whether such composite lesions are collision tumours that arise from cells of different histogenesis or the two components are derived from the same cell is a matter of debate. The stem/progenitor cells of normal pituitary, which possess the ability of multidirectional differentiation, are the most likely cells of tumour origin.
Based on these facts, two hypotheses have been put forward. The first reasonable speculation is that the majority of ganglion cell tumours arise as a result of neuronal differentiation within conventional pituitary adenomas, mainly sparsely granulated GH cell adenoma [18, 21, 46] . This suggestion was confirmed by morphological findings, which demonstrated significant intermixing of adenomatous and gangliocytic elements. Histopathological and immunohistochemical findings documented the presence of cells that exhibit intermediate features between ganglion and GH or PRL adenoma cells [4, 18, 30] . A close relationship between neurons and adenomatous GH cells was also confirmed by electron microscopy [3] . Moreover, pituitary hormones have been detected within the neuronal element of some gangliocytic pituitary lesions [25] . Towfighi et al. [46] explained that the transformation of pituitary adenoma cells into mature ganglion cells was a result of their common origin from the same embryonic pituitary cell; their explanation rests on the fact that the cells exhibit features that place them on an intermediate developmental axis between neurons and adenohypophyseal cells. In vitro studies indicated that adenohypophyseal cells cultured in collagen gels might transform spontaneously into neuronal cells [29] . The opposite etiopathogenetic hypothesis suggests that the primary gangliocytoma, which produces GH-releasing hormone (GHRH), is able to stimulate the adenomatous transformation of the adjacent normal pituitary gland. It has been suggested that the intrasellar gangliocytoma might promote the growth of a pituitary adenoma through chronic overstimulation resulting from excess GHRH production [23] .
Considering the common molecular background of pituitary adenoma and ganglion cell tumours, the activation of the mammalian target of rapamycin (mTOR) intracellular pathway and its two main regulators, Akt and Erk, appears to be important. Increased mTOR activity was observed in pituitary adenomas, with the highest frequency in GH-secreting pituitary adenomas. The regulation of mTOR activity was implicated in the treatment of malignant pituitary adenomas and carcinomas [31, 41] . Recently, the upregulation of mitogen-activated protein kinase has also been reported in gangliogliomas [37] . Moreover, when the methylation status of O(6)-methylguanine DNA methyltransferase (MGMT) was examined in pituitary adenomas, the degree of MGMT expression appeared to be related to therapeutic responses to temozolomide [1, 24, 26] . MGMT protein expression was also implicated as a prognostic factor for patients with low-grade gangliogliomas [11] .
Sellar lesions of double morphology, composed of adenoma and ganglion cells, ought to be classified as a mixed/collision pituitary adenoma-gangliocytoma. Our cases document the close morphological relationship between ganglion cells and adenomatous GH-secreting cellular elements. It was suggested recently that in the cases in which the gangliocytic component is closely intermingled with adenoma, the term "pituitary adenoma with gangliocytic component" best emphasizes the clinical importance of the adenomatous parts of the lesion [7] .
Conclusions
Ganglion cell tumours rarely appear in the sellar/ parasellar region, either alone or in combination with pituitary adenoma. A tight mixture of neuronal and adenomatous components is commonly observed. Although the pathogenesis of tumours of such intermingled morphology remains unclear, their origin from the stem/progenitor cells that engender normal pituitary tissue is speculated. Distinguishing both components in sellar lesions as precisely defined individual neoplastic elements may determine the prognosis and direct therapeutic management.
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